The iron trend in the serum of male rats fed a low wheat gluten (5% level) diet containing several fish oils for 2 to 4wk was investigated. The body weight in every experi mental group decreased during the first 3d and thereafter their body weights dropped grad ually until the 4th week. At the end of the experimental period, the weights of the spleens from the rats in the cod liver oil (CLO) and sardine oil (SO) groups were significantly heavier than those of the corn oil (control: CO) group. The iron concentrations in the serum of all dietary groups at the 4th week had a tendency to decrease compared to that of the control (CO) group. Ferritin in serum in the 4th week was significantly increased compared to that of the 2nd week for both the CO and CLO groups. However, that of the SO group remained at a low level similar to that measured in the 2nd week. The unsaturated iron binding capacity (UIBC) of the SO group in the 2nd week was significantly higher than that of the control (CO) group. In the 2nd week, the non-heme iron content in the liver was almost equal to the standard value. In the 4th week, however, the non-heme iron in the liver tissues of all di etary groups was significantly increased compared to those of the corresponding groups in the 2nd week. These findings suggest that iron accumulates in the liver.
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RESULTS
Food intake and body weight gain As shown in Table 2 , total food intake of the CLO group was significantly lower than that of the CO and SO groups during both the 2nd and 4th week of the ex periment.
Body weight gain compared to initial body weight (119-121g) throughout the experimental period are presented in Fig. 1 . The body weights in each experi mental group decreased until the 3rd experimental day, and after that continued to drop gradually throughout the 4-wk experimental. There was a significant de crease in the CLO group as compared to the SO and CO groups. The decrease witnessed in the CLO group was the result of lower food intake by this group compared to other groups. Organ weights Several organ weights are shown in Table 3 . For many organs, there was no difference in organ weight among all dietary groups. In the 4th week, however, the weights of the spleens in the CLO and SO groups were significantly heavier than those of the CO group, at p<0.05, although there was no difference among all di etary groups in the 2nd week. Blood properties Table 4 shows the biochemical properties of blood sera. Total protein and albumin did not differ in all di etary groups throughout the experimental period, al though the levels of the total protein and albumin in the sera were very low compared to the standard values de Table 2 .
Total food intake of rats fed a low protein diet containing fish oil or corn oil for 2-4wk. scribed by Wolford et al. (19) and Caisey and King (20) . For triacylglycerol in blood sera, the SO group showed a significant increase in the 2nd week com pared to the CO and CLO groups, at p<0.05, and the CO group showed a significant increase in the 4th week compared to that measured in the 2nd week, at p<0.05. Total cholesterol in the blood sera of the CLO group decreased significantly compared to that of the CO group at each experimental stage, at p<0.05. However, total cholesterol of the CO group apparently increased compared to that measured in the 2nd week, at p<0.05. Additionally, the total cholesterol value of the SO group in the 4th week and that of the CLO group in the 2nd week showed a significant decrease from the CO group, at p<0.05. HDL-cholesterol of the CO group in the 4th week was significantly higher than that of the same group in the 2nd week and those of the CLO and SO groups in the 4th week, atp<0.05.
The uric acid values of the CO group were higher than those of the other two dietary groups in the 2nd reduced absorption, higher excretion of iron, higher iron storage in the liver and spleen, etc.). There was no evidence of bleeding and/or higher hematopoiesis in the present study, and iron absorption from the digestive tract was not directly estimated. Turnlund et al. re ported that iron absorption in healthy young women was negatively correlated with serum ferritin (22) . With the aid of this evidence, the absorption of iron in the CLO and CO groups in the 4th week might have been reduced due to higher ferritin levels. However , those of the SO group at both experimental time points should not be considered to indicate any reduction in iron absorption, because the serum ferritin concentra tion in the SO group in the 4th week remained low, sim ilar to the level in the 2nd week and/or the normal level. Furthermore, the serum iron concentration in this group also decreased significantly in the 4th week . It is possible that the reduction in serum iron might be caused by different kinds of fish oils and related partially to reduction of iron absorption under the condition of a low-protein diet with marine fish oils. Despite this spec ulation, the problem was not completely solved.
For an explanation, it should be noted that non-heme iron in the stored tissues (e. g., liver tissue) significantly increased in all experimental groups in the 4th experi mental week and non-heme iron content in liver tissues was also strongly elevated, about 6-fold, compared to the levels in the 2nd week in the group fed the low-pro tein diet containing marine fish oils. Furthermore, the weights of the liver and spleen, especially the latter organ, were significantly higher in the marine fish oil dietary groups as compared to the control (CO) group. Rabbani et al. (24) described that, in rats, subchronic consumption of high levels of fish oil concentrate could be beneficial, but might also be harmful because of the induction of clinical abnormalities, including increased relative liver and spleen weight and reduced iron and vi tamin E concentration. The data in the present study would agree with the findings described above (24) .
With significant increases in spleen weight, it is possi ble to assume that there is increased blood storage be cause the liver and spleen are storage organs for blood. However, arachidonic acid, EPA and DHA in the dietary oils might be converted to arachidonate cascades (TXA2 and PGI2) and eicosanoids (TXA3 and PGI3), respec tively. The functions of these physiologically active sub stances from arachidonic acid and EPA or DHA and how they interact with each other are complicated. Furthermore, animals given excessive EPA and/or DHA have shown inhibition of blood platelet condensation and smooth muscle relaxation in the blood vessel walls (25) . These actions of the eicosanoids may result in the dilation of many blood vessels in animals. When many blood vessels in an animal are dilated, blood outflow from the spleen and liver would increase because of he modynamics. For the reasons described above, stagna tion in the liver and spleen might be difficult to assume.
Harper (26) described that the stored form of iron, ferritin, occurred not only in the intestine but also in the liver, spleen and bone marrow. Furthermore, Yoshikawa (27) also described that iron was deposited in the RES (reticulo-endothelial system) of these organs as ferritin or hemosiderin. Considering the significant increase in non-heme iron in the liver, it is probable that the spleen also might store iron. The actions, however, of poly and high-unsaturated fatty acids themselves and their metabolites are very complicated, and subse quently, this problem should be estimated carefully in the future.
During iron transfer from a cell into blood plasma, it is necessary that iron (Fe3+) be reduced to Fe2+ and pass through the cell membrane. Subsequently, it is oxidized with ceruloplasmine (ferroxidase I & II) and conjugated to apotransferrin (23, (28) (29) (30) (31) (32) . In the present study of low-protein nourished rats, seeerum total protein, albu min and A/G ratio were lower than normal (19, 20) . Therefore, liver cell damage would occur (33) and iron transfer through membrane and conjugation to apo transferrin might be disturbed. In general, both higher serum ferritin concentration and higher iron saturation of transferrin were considered to indicate a state of ex cess iron in the tissues. Therefore, the rats in the pres ent experiment would show excess iron in their tissues. These findings suggest that iron accumulated in some tissue cells (liver and/or spleen). Further studies are needed to more carefully consider this problem.
